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abstract 

ThU  raport  pr..™t.  In  tabnlatad  for.  th.  drift  «l«ltl.. 
.f  .Uctron.  1.  varl...  M-  th,  drift  v.l.cltl..  «r.  -»ur.d  In 
h.llu.,  neon,  nrgon,  krypton,  n.non,  hydro,™,  daut.rlo.,  nltro,«, 
carbon  -noxld.,  carbon  dloxlda,  nat.r  vapor,  nitron,  oxld.,  and 
a»onl«  for  E/p  vain.,  fro.  W4  to  30  volt./c.—  Kg  at  ,.v«r.l 

...  temperatures  b.tn,.n  77«K  and  44 3 V  In  .U  . . .  — 

Maauramanta  nar.  .xt.nd.d  to  Ion  ,n.n,h  E/p  .nth  that  th.  .Uctron. 

ware  In  thermal  equilibrium  with  the  gaa. 


*Thl.  work  wib  supported  b,  th.  Adv.nc.d  R....rch  Pr.J.ct.  A, .no, 
through  the  Office  of  Naval  Research. 


2 


Z.  EXPLANATION  OP  TABLES 

This  paper  reporta  in  tabulated  fora  the  measurements  of 

drift  velocities  of  electrons  in  helium,  neon,  argon,  krypton,  xenon, 

hydrogen,  deuterium,  nitrogen,  carbon  monoxide,  carbon  dioxide,  water 

vapor,  nitrous  oxide,  and  ammonia.  Discussions  of  the  experimental 

technique,  graphs  of  the  data,  and  a  partial  analysis  of  the  data 

1  2 

are  contained  in  previous  papers.  * 

The  following  notation  is  used:* 

W'(T)  ■  drift  velocity  in  centimeters  per  sec  (cm/sec) 
at  temperature  T 

Drift  Distances  ■  distance  from  the  cathode  to  grid  number  1 
and  from  the  cathode  to  grid  number  2. 

The  values  of  E/Pjqq  are  expressed  in  units  of  voit/cm-ram  Hg  for  an 
equivalent  density  at  300°K,  i.e.,  E/p^p  »  (E/N)  3.22  x  10**  for  all 
data  given  in  this  paper.  Here  N  is  the  gas  density.  The  normalized 
pressures,  P^qqj  are  the  values  measured  using  the  manometer  system 
and  multiplied  by  300/T.  Here  T  is  the  temperature  of  the  gas  in  the 
mobility  tube. 

The  bias  and  rejection  methods  of  obtaining  the  data  are 
discussed  under  the  "Conventional  Grid  Operation"  and  "Zero*Blas 

—  "  -v  1 

1.  J.  L.  Pack  and  A.  V.  Phelps,  Phys,  Rev.  121 .  798  (1961). 

2.  J.  L.  Pack,  R.  E.  Voshall,  and  A.  V.  Phelps,  Phys.  Res.  127.  2084  (1962). 
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Operation"  sections  of  reference  1.  Data  were  often  taken  at  different 
pressures  at  constant  E/Pjqq  *r-  *  constant  temperature  thus  giving 
a  check  on  the  measurements.  The  drift  velocities  are  independent  of 
pressure  at  a  fixed  E/pjpQ  *~d  temperature  within  the  scatter  of  the  data. 

Xn  helium,  data  were  taker,  at  two  sets  of  drift  distances  and 
were  consistent  with  each  other.  In  all  other  gases  data  were  taken 
at  one  set  of  drift  distances.  The  data  ebtalnad  by  the  bias  method 
were  identical  to  these  obtained  by  the  rejectlcn  aethed,  except  where 
excessive  bias  voltages  were  required  to  cut  off  the  grids.  In  these 
cases  and  in  the  later  gases  studied  the  rejection  method  was  used. 

Values  are  reported  only  if  drift  velocities  calculated  for  the  two  drift 
distances  agree  within  10  percent.  Exception  to  this  are  argon  for 
E/p3QQ  <  0.0015  where  the  difference  was  as  large  as  35  percent.  In 
these  cases  the  drift  velocity  was  taken  as  the  difference  in  the  distances 
divided  by  the  difference  in  transit  times.  Note  that  analysis  of  the 
neon  data  for  E/Pjqq  <  10  by  L.  S.  Frost  and  A.  V.  Phelps  (private 
comminlcatlon)  shews  that  the  data  at  77°K  and  3CO°K  lead  to  apparent 
momentum  transfer  cress  sections  differing  by  as  much  as  30  percent  and 
suggest  errors  ir.  one  or  both  sets  of  drift  velocity  data  of  as  much 
as  10  percent. 

The  estimated  uncertainties  in  voltage  and  pressure  are 
discussed  in  reference  1.  The  distances  between  the  grid  wire  mounts 

■^r 

were  measured  to  1  percent.  Uarpage  of  the  individual  grid  wires  was  less 
than  +  5  percent  of  the  distance  to  the  nearest  grid  or  cathode. 
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XI.  TABLES 
Tteblc  I  -  He 

Prift  velocity  of  electrons  in  helium 
Prift  diotancoo  ■  1"  ana  2" 


H  ro  VM  o 
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Table  II  -  Ne 


Drift  velocity  of  electrons  in  Neon 
Drift  distances  ■  1"  and  2" 


p300 

(mm-Hg) 


1 

i 


we  (300°K) 

(cm/sec) 


1.64  x  IQ6* 
7.9  x  10?* 
4.94  x  10'* 
4.50  x  10'* 
3.90  x  10? 


p300 

(mm-Hg) 

18. 

48.35 

II 

291 

466 


0.00043  ;  3.63  x  10  905 

0.000425 

0.00036 


3.17  x  10J*  466 

2.54  x  10  654 


*  Denotes  Bias  method  used  -  all  others  by  rejection  method. 
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Table  111 


Drift  velocity  of  electrono  in  Argon 
Drift  dlstanceo  ■  1M  and  2" 


S/Pjoo 

(volt/cm-mro  Hg) 

0.405 

0.595 

0.500 

0.250 

0.20 

We(T7°K)  PjoO 

(em/sec)  (w.  ^8) 

We(J00°K)  P500 

(cm/sec)  (urn  Hg) 

5.22  x  105  151.5 

5.07  x  105 

5.00  x  105 

2.90  x  105 

2.60  x  105*  297 

0.12 

0.10 

II 

0.0004 

0.080 

2.16  X  105*  740 

2.5b  x  10>  151.5 

2.27  x  105*  297 

2.24  x  105*  462 

2.15  x  105  755 

0.07b 

0.060 

0.050 

(1 

0.050 

2.09  x  io5* Too 

2.10  x  105  151.5 

1.94  x  105*  297 

1.88  x  10?*  462 

1.78  x  105  151.5 

0.020 

11 

o.oi0 

0.0154 

0.01 

1.52  x  105*  780 

1.50  x  105  722 

I.54  x  10?*  297 

1.50  x  105  462 

1.59  x  10^*  755 

1.50  x  lO?  297 

Tl - 

It 

0.0076 

0.0062 

0.0050 

1.15  X  lo\  710 

1.10  x  105*  780 

1.54  x  10?*  297 

1.27  x  105  462 

1.16  x  10?*  755 

l .22  x  105  297 

n 

•1 

0.00555 

0.0050 

0.002 

9.8  X  io\  755 

9.25  X  10  *  780 

1.10  x  10? 462 

1.08  x  105* 

1.01  x  105*  755 

x  loj*  - 

■n — - - 

0.00154 

0.0015 

M 

0.0010 

6.12  X  10J*  755 

6.90  x  lor*  780 

2.67  X  lOij*  780 

9.60  x  107* 462 
8.45  x  104  755 

5.90  x  10*1  462 

0.0008 

0.00078 

0.00077 

0.0005 

2.20  X  10>  755 

1.59  x  10.  *  746 

1.68  x  104*  746 

9.4  x  10^*  755 

6.20  x  10*+*  462 

4.60  x  10*1*  755 

2.16  to  , 

H  1,1  " 

0.00056 

O.OOOJ 

0.00026 

0.00025 

9.0  x  10?*  746 

5.25  x  lp5*  746 

5.0  x  10^*  755 

4.45  x  105*  755 

2.42  x  10.  *  755 

1.61  x  104*  755 

0.00020 

*  «  bias  method 

5.54  x  10?*  74b 

,  all  others  by  re,j<  .-tlon  method. 

0.5  X  10'*  755 

8.9  x  Lot*  755 
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Table  IV  -  Kr 


DriTt  velocity  of  electrons)  in  Krypton 
Drift  dlotonceo  ■  2"  and  4" 


E/p300 

(volto/cm-mm  He) 


We  (19'A) 
(cm/scc)  oil  at 
p  an  He 


(300°K) 

(cm/occ) 


p300 

(mm-Hg) 


y.  (36B”k> 

(cn/occ) 


p3oo 

(i.vr.-H/’i) 


1.00 

o.Oo 

0.596 

0.500 

0.100 

3.14  X  10*  15.36 

2.49  X  10'  31.69 

2.42  x  10'  31.69 

2.26  x  JO'  ol.20 

_ 9-co  «  in? _ uL2U — 

0.392 

0.200 

0.100 

0.05  •  c 

0.01  1.27 *3  x  105 

■  ■  ■  . 

0.025 

0.015  1.17 

0.010  1.00  x  10' 

•• 

0.000 

H55  "  405.3 
1.19  M  L  407 

9.95  x  10%  405.3 
1.035  x  IQ'  757.3 
1.00  x  10?  407 

0.003  7.95  X  10’ 

•• 

0.007 

0.006  4.02  x  10 

0.00559 

9.03  X  10,;  407 

8.45  x  10j  757.3 

6.32  x  10,:  4o8 

5.14  x  10?  757.3 

4.25  x  10/  405.3 

0.005  u 

0.004  1.612  x  lo 

M 

0.003  1.09  X  id' 

0.002*3 

3.29  x  10/  403 

2.12  x  10/  40-3 

2.24  x  10 V  757.3 
1,332  x  ip  408 

1.07  x  10^  757.3 

0.002  7.14  x  10^ 
0.0015  5.35  X  10^ 
0.001  3.62  x  10 r 
0.0007 

0.0006 

6.75  x  10^  405.3 
6.12  x  10'  757.3 
4,01  x  10'  405.3 

2.35  x  in3  757.1 

9.27  x  10 J  697 

4.4  x  103  697 

3.12  x  10-5  697 

0.0005  1.745  X  10J 

0.0004 

0.0003 

0.00026 

2.12  x  10%  407 
1.576  x  IQ5  757.3 
1.30  x  10%  757.3 
1.096  x  10*  757.3 

2.15  x  10'  697 
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Table  V  -  Xc 


Drift  velocity  of  electrons  in  Xenon 
Drift  distances  -  2"  and  4" 


E/p300 
(volts/cm-min  !?g) 


U95°K) 

(cm/sec) 


*300 

(mm-Hg) 


Hj  (300°K) 
(  c;n/sec) 


P300 

(mm-Hg) 


Table  V  -  Xe 
(contd) 


10 


(volts/cm-inm  He) 


W0  (195°K) 
(em/sec) 


P300 

(mm-He) 


We  (300°K) 
(cm/ccc) 


P300 


o.oo4 

0.003 

0.0025 

0.0020 

It 

2.02  x  103 
1.95  x 

571 

839 

4.70  X  10;' 

3.63  x  10^ 

2.88  x  10? 

2.51  x  1C:J 

2.4l  x  Joj 

149.o 

149.6 

730 

149.0 

■).!H  O 

0.0015 

O 

1.84  x  10? 

1.23  x  J0:? 

1.22  x  10p 

5.78  x  10 

149.6 

0.0010 

II 

0.0005 

9.66  X  IQ> 

839 

360.9 
730 

300.9 

Drift  velocity  of  electrons  in  Hydrogen 
Drift  distances  *  1"  and  2" 


11 


I 

| 


■F 

i 

H 

> 

a 

t 


1_ 


Table  VI  - 
(Contd) 


Table  VIII  -  N, 


Drift  velocity  of  electrons  in  Nitrogen 

Drift  distances  «  1"  and  2"  by  rejection  method  only 


E/p300  I  tf?  (7°K> 
(volt/cm-mm  Hg)  (cm/sec) 


f300 
(mm  Hg) 


We  (195) 
(cm/sec)(nll 
at  990  mm  Hg) 


W9  (300°K) 
(cm/sec) 


4.3  x  10°. 
1.87  x  10? 
1.91  x  10° 

8.0  x  10p. 


P,,X)  !  W, «  (373  K) 

.  3  .  j  (cm/sec)(all 

Hg):  at  D  - 
p300 


594  mm  Hg) 


1.79 

1.8l 

19.3 

19.3 


3.9  x  10'  287.1 
3.09  x  10'  19.3 


2.95  x  10 


0.0015 

0.001 


0.0008 

0.0005 


Iw.Mj 


0.00025 

fl 

0.0002 

0.00015 

0.0001 


4.06  x  10.  600 
3.82  x  10  1200 


1.98  x  lof  600 
1.94  x  lOj;  1200 

1  kO  v  Iff 


8.85  x  103 


9.93  x  1C3 


5.0  x  103. 
3.50  x  10: 


3.22  to  , 

3.82  x  10^  746 


\J\ 


7.70  x  10'  199 
7.76  x  10'  199 
7.81  x  10'  135 
7.88  x  10'  199 


6.36  x  10' 
5.8l  x  10p 


5.55  x  10' 
4.87  x  105 


4l.O 

21.0 
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Table  X  -  COg 

Drift  velocity  of  electrons  in  Carbon  Dioxide 
Drift  distances  =  2"  and  4"  by  rejection  method  only 


^300  «e<195°K)  P300  >.<300°K)  pJ00  M  (413°K)  p300 

(volt/cm-mm  Hg)  \cm/8ec)  (mm  (cm/sec)  (mn  Hg)  icm/oec)  (^ 


7.0 

5.0 

3.o 

2.0 

tt 

7.5  x  106. 
4.94  x  10? 
I.83  x  10? 
1.18  x  10? 
1.15  x  10° 

2.19 

2.19 

2.19 

2.19 

iq.7s_ 

1.0 

5.65  x  10' 

19.75 

o.5 

2.825  x  10^ 

19.75 

o.3 

' 

1.67  x  10? 

19.75 

C 

0.2 

1.17  x  10.5 

19.75 

1.07  x  10' 

lo5 

0.1 

5.58  x  104 

19.75 

1» 

»t 

5.54  x 

104 

328 

5^46  x  104 

291 

5.^27  x  If/1 

253 

(1 

h 

mmmmM 

19.75 

5.48  x  10, 

lo5 

0.05 

2.82  x 

104 

328 

2.82  X  10* 

19.75 

2.74  x  104 

lo5 

0.02 

1.10  X 

104 

328 

1.13  x  104 

19.75 

1.08  x  104 

lo5 

tl 

i.w  x  104 

2Q1 

25.1 

0.01 

5.55  x 

103 

328 

5.65  x  103 

291 

0.005 

2.82  x 

10 1 

328 

2.825  x  lo3 

291 

1 

0.002 

1.13  x 

103 

328 
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Table  XI  -  HgO 


Drift  velocity  of  electrons  in  Water  Vapor 

Drift  distances  ■  2"  and  4"  by  rejection  method  only 
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Table  XII  -  NgO 

Drift  velocity  of  electrons  In  Nitrous  Oxide 


Drift  distances 

■  2"  and  4"  by  rejection  method  only 

E/p300 

( volt/cm -inra  Hg) 

We  (195°K) 
(cm/sec) 

P300 
(mm  Hg) 

We  (300°K) 
(cm/sec) 

p3oo 

(nun  Hg) 

1.50 

3.69  x  106 

29.5 

1.33 

3.63  x  10° 

22.11 

(L 

1.00 

2.65  x  10? 

29.5 

0.886 

2.31  x  10? 

48.5 

2.12  x  10° 

...  29.5 

0.70 

c ; 

1.72  x  10w 

48.3 

0.585 

1.55  x  10? 

22.11 

0.585 

1.42  x  11° 

50.5 

0.50 

1.24  x  10? 

29.5 

ft 

1.20  x  10° 

_ kiU— 

0.449 

9.85  x  10* 

101.7 

0.419 

7.20  x  10' 

97.5 

0.30 

6.87  x  10' 

48.6 

ft 

6.09  x  105 

6.07  x  10* 

90.6 

100 

0.231 

5.03  x  10* 

97.3 

0.20 

C 

4.38  x  10' 

29.5 

ft 

4.24  X  1(T 

50.5 

4.27  x  10' 

48.1 

ft 

c 

i  3.91  x  10' 

101.8 

2*07xJLQ? 

50.5 

2.10  x  10? 

48.1 

»» 

2.06  x  10' 

100 

i  1.99  x  10' 

™  9770 

ff 

i  2.00  x  10' 

102.2 

0.07 

1  1.48  x  10* 

48.2 

0.0621 

1.196  x  10* 

!  8.26  x  104 

98.0 

0.04 

48.2 

20 


Table  XIII  -  NH^ 

Drift  velocity  of  electrono  in  Ammonia 

Drift  distances  ■  2"  and  4"  by  rejection  method  only 


E/p300 

(volt/cm-mm  Hg) 


(195°K) 

(cm/sec) 


p300 
(mm  Hg) 


W  (300°K) 
icm/sec) 


p300 
(mm  Hg) 


V  (30l°K) 
^ cm/sec) 


p300 
(mm  Hg) 


Table  XIII  -  Nil 

3 

(Contd) 
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e/p300  we  (W5°K) 

(volt/cm-inin  Hg)  VCin/sec) 


P300 
(iron  Hg) 


W  (300°K) 
l(cm/aec) 


p300 
(mm  Hg) 


(30l°K) 
X  cm/sec) 


p3oo 

(>"-'■*  Hg) 


.0343 

a 

3.65  X  103 

51.6 

.0300 

.02 

2.08  x  103 

64.8 

.01 

i 

4.03  x  103  37.7 _ 

4.0b  x  ioJ  42.82  " 

.  3.30  x  105  65.0 

1.37  X  10^  120.9 
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